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Abstract
Shift workers suffer from a constellation of symptoms associated with disruption of circadian 
rhythms including sleep abnormalities, and abnormal hormone secretion (e.g. melatonin, cortisol). 
Recent, but limited, evidence suggests that shift workers have elevated levels of circulating white 
blood cells (WBCs) compared to their day working counterparts. Interestingly, recent reviews 
highlight the strong linkage between the immune system and circadian rhythms which includes, 
but is not limited to, circulating cell populations and functions. The elevated levels of these WBCs 
may be associated with the increased chronic disease risk observed among this group. The purpose 
of this analysis was to examine the cross-sectional association between long- and short-term (3, 5, 
7, and 14 days) shiftwork (SW) and counts of WBCs among officers in the Buffalo Cardio-
Metabolic Occupational Police Stress (BCOPS) cohort. Data collection for this analysis took place 
among 464 police officers working in Buffalo, New York, USA between 2004 and 2009. Precise 
SW histories were obtained using electronic payroll records. Officers were assigned a shift type 
based on the shift (i.e. day, evening, night) that they spent a majority (i.e ≥50%) of their time from 
1994 to the data collection date for long-term SW. The same process was applied to SW over 3, 5, 
7, and 14 days prior to data collection. A fasted blood sample collected in the morning of a non-
work day was used for characterization of WBCs (total), neutrophils, monocytes, lymphocytes, 
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eosinophils, and basophils. Potential confounding factors included demographic characteristics 
(e.g. age, sex, race), occupational characteristics (e.g. rank), health behaviors (e.g. smoking, 
alcohol consumption, diet), anthropometrics, and other biomarkers (e.g. lipids, hemoglobin A1C, 
leptin). Generalized linear models were used to estimate least square means of the immune cells 
according to SW categorization for long- and short-term SW histories. Compared to the day shift 
group, those working long-term night shifts had greater absolute numbers of total WBCs, 
neutrophils, lymphocytes, and monocytes (all p < 0.05). Those working mainly on the night shift 
over 7-days had elevated counts of WBCs, lymphocytes, and monocytes (p < 0.05) compared to 
those mainly working day shifts. Results based on 3-, 5-, and 14-day SW were similar to the 7-day 
results. This study corroborates other studies with similar findings. However, this analysis 
provided insights into the effect of both long- and short-term SW on the number of circulating 
WBCs. SW may lead to disruption of circadian-influenced components of the immune system, 
which in term, may result in various chronic diseases. These findings, plus previous findings, may 
provide evidence that SW may lead to immune system dysregulation. Future research is needed to 
understand whether increases in immune cells among shift workers may be associated with the 
increased disease risk among this group.
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Introduction
Over the last couple of decades, circadian rhythm research, as it relates to human health, has 
gained attention from academic and research communities. There are several review 
publications describing the effects of disruptions of various circadian rhythms on health 
(Bollinger & Schibler, 2014; Fuhr et al., 2015; Hastings et al., 2014). In short, various 
behavioral and physiological mechanisms display roughly 24-hour cycles. These rhythms 
are primarily driven by the body’s central pacemaker, the suprachiasmatic nuclei (SCN), 
located in the ventral hypothalamus (Bollinger & Schibler, 2014; Fu & Lee, 2003). To stay 
synchronized with the outside environment, environmental cues (i.e. zeitgebers) are used to 
adjust circadian clocks (Bollinger & Schibler, 2014). The strongest environmental cue is 
light, which is perceived by the retina, and is transmitted through the retinohypothalamic 
tract to the SCN (Bollinger & Schibler, 2014; Lowrey & Takahashi, 2011). The molecular 
pacemaker is driven by a set of core clock genes (Fu & Lee, 2003). Positive and negative 
feedback loops alternate between the morning and evening. The molecular basis for these 
clocks has been extensively described elsewhere (Antle & Silver, 2005; Cermakian & 
Boivin, 2009; Hastings et al., 2014). In addition to the central clock, peripheral clocks have 
been found in most tissue types and can be synchronized through various means (e.g. 
metabolites, cytokines, neuronal signals) by the SCN (Bollinger & Schibler, 2014; Nader et 
al., 2010). The peripheral clocks also can respond to other zeitgebers including feeding time, 
exercise, and body temperature (Archer & Oster, 2015; Cuesta et al., 2016). Recent research 
has brought attention to the circadian biology of the human immune system (Labrecque & 
Cermakian, 2015; Logan & Sarkar, 2012; Pritchett & Reddy, 2015).
Wirth et al. Page 2
Chronobiol Int. Author manuscript; available in PMC 2019 July 23.
A
uthor M
an
u
script
A
uthor M
an
u
script
A
uthor M
an
u
script
A
uthor M
an
u
script
Disruption in rhythms of white blood cells (WBCs) or elevated levels have been associated 
with several chronic conditions including type 2 diabetes mellitus (T2DM), coronary artery 
disease, stroke, and leukemia, just to name a few (Costas et al., 2016; Danesh et al., 1998; 
Ford, 2002; Libby et al., 2016; Vozarova et al., 2002). Recent reviews discuss the wide array 
of immune components and functions controlled by or, at least, influenced by circadian 
rhythms. These include, but are not limited to, rhythms of most leukocytes (e.g. monocytes, 
lymphocytes, neutrophils), cytokine production, recruitment to tissues, phagocytosis, natural 
killer cell cytotoxicity, and T-cell responses (Labrecque & Cermakian, 2015). Specifically, 
this paper focused on WBCs (i.e. total, neutrophils, monocytes, lymphocytes, eosinophils, 
and basophils). In addition to circulating levels of these cell types, some of their other 
functions exhibit circadian rhythmicity. For example, neutrophils partake in phagocytosis 
and their release and reuptake from bone marrow show daily patterns; monocytes, which 
become macrophages, have rhythmic cytokine expression; lymphocytes, which destroy 
viruses, create antibodies, and secrete cytokines show rhythmicity in proliferation, 
differentiation, and cytokine production; eosinophils kill parasites and influence allergic 
inflammatory responses and also show rhythmic cytokine production; lastly, basophils, 
which modulate allergic inflammatory responses, show rhythms in histamine and cytokine 
release (Ando et al., 2015; Baumann et al., 2013; Bollinger et al., 2009, 2011; Casanova-
Acebes et al., 2013; Perez-Aso et al., 2013; Pritchett & Reddy, 2015; Yu et al., 2013). These 
cell types also display circadian gene expression (Boivin et al., 2003). It has been proposed 
that the number of circulating WBCs is under the control of the central clock via neuronal 
and humoral signaling (Dimitrov et al., 2009; Scheiermann et al., 2012). In general, most of 
the circulating leukocytes peak between 2000 and 0200 hours (Mazzoccoli et al., 2011; 
Sennels et al., 2011).
One occupational group that experiences disruption of various circadian rhythms (e.g. 
melatonin and cortisol rhythms, clock gene expression) is shift workers (Arendt, 2010; 
Bracci et al., 2014; Wirth et al., 2011). Around 15–20% of workers in the United States and 
Europe participate in shiftwork (SW) (Straif et al., 2007). Occupations that have high 
prevalence of SW include healthcare and law enforcement (Straif et al., 2007). This can be 
somewhat disconcerting considering that SW is associated with a host of abnormal 
physiological changes and chronic disease risks including cardiovascular disease (CVD), 
gastrointestinal complaints, inflammation, metabolic syndrome and other metabolic 
abnormalities, and depression (Lee et al., 2016; Matheson et al., 2014; Proper et al., 2016; 
Puttonen et al., 2011; Wang et al., 2014). In 2007, the International Agency for Research on 
Cancer classified SW that involves circadian disruption as a probable human carcinogen 
(Group 2A) (Straif et al., 2007). Animal models tend to indicate abnormal rhythms of 
circulating levels of leukocytes when test animals are forced to be active during their typical 
rest periods (Pritchett & Reddy, 2015). However, this has rarely been studied among human 
populations. Considering the links between SW and circadian disruption, shift workers may 
be susceptible to disruptions in regulation of their immune cells. In short, a few studies 
showed increased leukocytes among shift workers compared to day workers (Kim et al., 
2016; Lu et al., 2016; Puttonen et al., 2011).
Police officers suffer disproportionately from various health outcomes including depression, 
psychological stress, sleep disruption, CVD, T2DM and other metabolic disorders, cancer, 
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and increased mortality (Franke et al., 1997; Vena et al., 1986; Vila, 2006; Violanti et al., 
2006, 1998; Wirth et al., 2013). The Buffalo Cardio-Metabolic Occupational Police Stress 
(BCOPS) cohort study was designed to examine the biological processes through which 
stress associated with police work may influence adverse health outcomes (Violanti et al., 
2006). Using data from the BCOPS cohort study, this study examined the relationship 
between short- and long-term SW and immune cells including leukocytes. It was 
hypothesized that those exposed to more long-term SW (i.e. night or evening shifts) would 
have elevated absolute levels of these immune cells compared to those working more day 
shifts. The same hypothesis was proposed for short-term SW over 3, 5, 7, and 14 days. 
Although the mechanisms linking SW to leukocyte counts have yet to be fully elucidated, 
both long-term and short-term SW were explored in case they work through slightly 
different mechanisms, which, in turn, may influence the associations between SW and 
leukocytes. Lastly, as exploratory analyses, leukocyte percentages also were examined.
Methods
The study population was comprised of police officers working in Buffalo, New York, USA 
as part of the BCOPS cohort study. All data for this cross-sectional analysis were derived 
from a single examination occurring between 2004 and 2009 (n = 464). The BCOPS study 
provides a framework to examine biological processes associated with police work and how 
this may influence health outcomes (Violanti et al., 2006). The protocol includes 
characterization of stress biomarkers, psychosocial factors, shiftwork, and markers of 
adverse health outcomes (e.g. subclinical CVD measures) to examine their associations with 
chronic diseases and psychological perturbations afflicting police officers (Violanti et al., 
2009a, 2006). Data collection included a one-time collection of basic demographics, 
anthropometric information, blood draw for characterization of numerous markers, 
questionnaire data (e.g. lifestyle behaviors, work experience, stress, depression, social 
support), and SW from electronic payroll records from 1994 to the date of the officer’s 
examination (Violanti et al., 2006). The BCOPS study received Institutional Review Board 
approval from The State University of New York at Buffalo and the National Institute for 
Occupational Safety and Health. All officers provided written informed consent.
Shiftwork histories
SW histories from 23 May 1994 (or the initiation of employment if occurring since May 
23rd, 1994) to the date of study examination and blood draw between 2004 and 2009 were 
obtained from each officer using electronic payroll records (Violanti et al., 2009b). After 
1994, the typical work schedule was four work days, four days off, four work days, and then 
three days off. All shifts recorded by the electronic payroll records were categorized into 
day, evening, or night based on the following start times of the shifts: 04:00–11:59 h 
(morning), 12:00–19:59 h (evening), or 20:00–03:59 h (night). Two forms of SW were 
characterized for this analysis, long-term and short-term. Long-term SW status (i.e. day, 
evening, or night) was assigned based on the shift that the officers spent a majority of their 
time during the time of available electronic payroll records. Previous work indicated that for 
about 85% of officers, 70% of their time was spent in one specific shift type. Additionally, 
this process of summarizing SW status showed good consistency over 30, 60, or 90 days, 
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and 5 years prior to the clinic date (Violanti et al., 2009b; Wirth et al., 2011). Also, the 
percentage of day shift hours was used as a continuous measure. For short-term SW, a 
similar process was used as described above for characterization of shifts over 3, 5, 7, and 14 
days prior to the date of examination. For both the long-term and short-term shift 
classifications, in addition to examining day, evening, and night shifts, evening and nights 
shifts were combined to create a “combined” shift category.
Immune markers
Participants were asked to fast for 12 hours before examination and blood collection in the 
morning (i.e. prior to 0830). Lavender-top vacuum vials with EDTA anti-coagulant were 
used. Counts of WBCs were made using the Coulter STKS (Arnott & Copson, 1994; 
Charles et al., 2007). Specifically, the following immune markers were obtained: WBCs 
(total), neutrophils, monocytes, lymphocytes, eosinophils, and basophils. The units for all 
WBCs were ×109/L. For the specific WBCs, absolute and percentages were examined. 
However, eosinophils and basophils had values that were zero or close to zero. Therefore, 
absolutes for these were not examined.
Covariates
Potential covariates included, but were not limited to, age, sex, race/ethnicity, education, 
police rank, health behaviors (tobacco use, alcohol consumption, dietary factors, physical 
activity), anthropometrics (e.g. body mass index [BMI = kg/m2]), blood pressure, lipid and 
metabolic biomarkers (e.g. cholesterol, glucose, leptin), and several psychosocial measures 
including the Center for Epidemiologic Studies Depression Scale (CES-D) (Radloff, 1977), 
Perceived Stress Scale (PSS) (Cohen et al., 1983), Impact of Events Scale (IES) (Horowitz 
et al., 1979), and Spielberger Police Stress Survey (SPSS) (Martelli et al., 1989). It should be 
noted that none of the psychosocial measures were statistical confounders and were, 
therefore, not included in any models.
Statistics
All analyses were performed using SAS version 9.4 (Cary, North Carolina, USA). 
Descriptive statistics were compiled using frequencies and chi-square tests for categorical 
variables. For continuous variables, means and standard deviations were presented with tests 
of significance based on t-tests or Wilcoxon ranks sums test depending on normality of the 
variables. Prior to the main analyses, a confounder selection process was applied. Any 
potential covariate with a p value of <0.20 in a series of bivariable analyses (i.e. WBC = SW 
+ covariate) was added to a full model. From here, a backward confounder reduction process 
was used to remove covariates one at a time. Those that changed the beta coefficient of SW 
by at least 10% were retained; additionally, any statistically significant covariate remained in 
the models. After the final models were derived, the assumptions of linear regression were 
examined using the model’s residuals. There were no significant deviations from the 
assumptions of linear regression.
General linear model (GLM) procedures were conducted for the main analyses. The 
outcomes are listed in the Immune Markers section. GLM allowed for calculation for least 
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square (LS) means and 95% confidence intervals (95% CI) of the various immune markers 
according to the SW categories. The primary comparison of interest was between day and 
night shifts. Other comparisons were displayed in Table 1; however, considering these were 
not the comparisons of primary interest, no adjustments were made for multiple testing. 
These analyses were performed for long-term SW and short-term SW over 3, 5, 7, and 14 
days prior to data collection. However, results between the short-term SW days were similar. 
Hence, only the results for the 7-day SW are presented in Table 3. The full data of short-
term SW can be found in Supplemental Table S1. For long-term SW, the percent of day shift 
hours was examined as a continuous factor using GLM. Three additional post hoc analyses 
were conducted. To determine the influence of recent illness and injuries, analyses were 
conducted after removing any officer reporting sick leave time off in the previous 20 days (n 
= 13). Considering that 33 of the officers were retired at time of data collection and were not 
working recently prior to blood draw, analyses were conducted after removing these 
individuals. Lastly, considering data was collected sometime between 2004 and 2009, the 
year and season of data collection were considered as two potential covariates for 
adjustment.
Results
Of the 464 police officers, 34 were missing information on SW information as they were 
new recruits and 5 others were missing information on WBCs. For the 3-, 5-, 7-, and 14-day 
analyses, 85, 80, 78, and 76, respectively, were missing information for various reasons 
including being new recruits, were retired at the time of this data collection, or did not work 
over these periods (e.g. injury or personal leave), and were excluded from analyses. Most 
participants were males (75%), European-American (79%), had some level of college 
education (87%), held the rank of police officer (65%), and were overweight (mean BMI = 
29.3 ± 4.8 kg/m2) with an average age of 42.1 ± 8.6 years (Table 1). Compared to those 
primarily working day shifts, those primarily working evening or night shifts were more 
likely to be male (60% vs. 86%, p < 0.01), European-American (70% vs. 84%, p < 0.01), 
hold the rank of police officer (54% vs. 74%, p < 0.01), and currently use tobacco (23% vs. 
31%, p < 0.01). Additionally, those working more evening or night shifts were more likely to 
be younger, consume less fruit and vegetable servings per day, consume more calories, and 
have higher triglyceride levels (all p < 0.05, Table 1).
Table 2 displays the LS means of the WBCs according to SW category. Compared to those 
in the day shift category, those working the night shift had greater absolute total WBCs (6.16 
vs. 5.54, p < 0.01), neutrophils (3.59 vs. 3.11, p < 0.01), lymphocytes (1.90 vs. 1.76, p = 
0.05), and monocytes (0.49 vs. 0.44, p = 0.01). They also had lower basophil percentages 
compared to day shift workers (0.47% vs. 0.58%, <0.01). When the night shift group and 
evening shift group were combined, this group still had statistically significantly greater 
absolute WBCs and neutrophils, as well as a lower basophil percentage. A similar pattern 
was observed when comparing only the evening shift group to the day shift group (Table 2). 
For long-term SW history, the percentage of day shift hours, as a continuous measure, also 
was analyzed. As the percentage of day shift hours increased, WBCs (β = −0.018, p = 0.02) 
and neutrophils (β = −0.013, p = 0.04) decreased (data not tabulated).
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As noted in the Methods, the results among short-term SW over 3, 5, 7, and 14 days were 
very similar. Hence, Table 3 displays results for 7-day SW only. For the absolute cell counts, 
the 7-day night shift group had higher values of total WBCs (5.99 vs. 5.58 × 109/L, p = 
0.05), lymphocytes (2.05 vs. 1.72 × 109/L, p < 0.01), and monocytes (0.51 vs. 0.44 × 109/L, 
p < 0.01). Additionally, percentages of neutrophils were lower, but the lymphocyte 
percentage was higher compared to the day shift group (p ≤ 0.02). When examining the 
relationship between the combined evening and night groups vs. the day shift group, the 
statistically significant relationships with absolute WBCs, lymphocytes, and monocytes, as 
well as neutrophil and lymphocyte percentage remained. Additionally, the combined group 
had a higher percentage of monocytes compared to the day shift group (8.83% vs. 8.16%, p 
= 0.01).
After removing officers reporting sick leave days within the past 30 days, there was no 
change in results. Likewise, after removing individuals who were retired at time of blood 
collection, there was no change in results. After adjustment for year of data collection and 
season of blood draw, the statistically significant difference in lymphocytes between day and 
night workers (p = 0.05) became slightly attenuated (p = 0.07). However, it should be noted 
that the magnitude of effect (i.e. difference in lymphocytes between day and night workers) 
only changed by 0.01 after the additional adjustment for year and season. Similarly, the 
difference in total WBCs between day and night workers over 7 days (see Table 3) became 
nonsignificant (p = 0.07). However, the magnitude of effect (i.e. difference in WBCs 
between day and night workers) only changed by 0.02 after the additional adjustment (data 
not tabulated).
Discussion
According to the current study, night work was associated with elevated levels of absolute 
leukocytes (i.e. total WBCs, neutrophils, lymphocytes, and monocytes) when characterized 
over a period of years (i.e. long-term SW). The only WBC percentage that differed between 
night and day shifts for long-term SW was basophils. For short-term SW, similar 
associations were observed. However, no difference in absolute neutrophils by shift type was 
found, but night work was associated with a lower percentage of neutrophils and higher 
percentage of lymphocytes. The reported range of total leukocytes, although it varies from 
data source to data source, typically falls between 4.0 and 11.0 × 109 cells with neutrophils 
accounting for about 60%, lymphocytes 30%, eosinophils 2%, basophil 0.5%, and 
monocytes about 5% (Hollowell et al., 2005).
Only a few studies have examined WBC levels according to shift type. Using a population (n 
= 1,654) of steel workers from Taiwan, Lu and colleagues observed 7.5%, 7.4%, 11.9%, and 
7.0% higher counts of total WBCs, neutrophils, monocytes, and lymphocytes, respectively, 
among rotating shift workers, including afternoon and night shifts (Lu et al., 2016). Those 
same comparisons in the current study indicated 11.2%, 15.4%, 8.0%, and 10.2% higher 
values, respectively. Although not identical, both studies show increases in these WBCs. In a 
study of Finnish airline workers, Puttonen and colleagues found higher total leukocyte 
counts of between 4.6% and 11.7% among shift workers, which was defined as rotating shift 
workers with night shifts included, compared to day workers depending on SW system and 
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gender. These were statistically significant (Puttonen et al., 2011). Two other studies, one 
among male manual workers in the Republic of Korea, and another among male factory 
workers in Buenos Aires, found statistically significantly higher levels of total leukocyte 
counts among rotating shift workers compared to day workers (Kim et al., 2016; Sookoian et 
al., 2007). However, caution is warranted when comparing these studies, considering that 
different occupations (i.e. steel workers, airline employees, factory workers, and police 
officers) and five different countries (i.e. China, Finland, Republic of Korea, Argentina, and 
the United States) are represented by these studies. Nonetheless, the pattern of an increase in 
night workers is consistent among the five studies. It should also be noted that the other four 
studies above collected blood draws in the morning hours (typically between 0600 and 
1030), consistent with the current study.
Abnormal WBC levels or rhythms have been associated with several chronic diseases, such 
as T2DM, that continue to plague many developed and developing countries (Danesh et al., 
1998; Ford, 2002; Libby et al., 2016; Vozarova et al., 2002). For example, among women, 
those with a total leukocyte count above 9.1 × 109/L, compared to less than 5.7 × 109/L, had 
a 68% (95% CI = 1.21–2.34) greater hazard ratio for incident diabetes after adjustment for a 
host of factors that included physical activity, smoking, hypertension medicine, blood 
pressure, and age (Ford, 2002). Abnormal rhythms or amounts of circulating leukocytes may 
lead to or enhance current disease processes that could ultimately lead to a major chronic 
disease diagnosis or event. For example, excess leukocytes may lead to an abnormal 
accumulation in early atherosclerotic plaques. Over time, this accumulation may aid the 
thickening of the arterial walls. This increase in leukocyte accumulation in plaques can 
increase inflammation in the affected area (Conti & Shaik-Dasthagirisaeb, 2015; Libby et 
al., 2016). In addition, it should be noted that several leukocytes produce pro-inflammatory 
cytokines, which may raise levels of chronic, systemic inflammation (Pritchett & Reddy, 
2015). Chronic inflammation is an underlying substrate through which mechanisms for 
chronic diseases progress. These include, but are not limited to CVD, cancer, T2DM, stroke, 
and metabolic syndrome, as well as mortality (Ahmadi-Abhari et al., 2013; Keibel et al., 
2009; Libby, 2007). Shift workers suffer disproportionately from all of the above listed 
conditions.
The results for 3-, 5-, 7-, and 14-day SW status were similar. However, there were several 
noticeable differences between the short and long-term SW. For example, based on long-
term SW, those classified as evening shift workers had about a 15% increase in neutrophils 
compared to long-term day shift workers. However, no such observation was noted for short-
term SW classification. In fact, the values for evening and day shift workers over 7-days 
were nearly identical. Interestingly, total WBCs were still more elevated among evening 
shift workers over 7-days compared to day workers. Because neutrophils tend to be the most 
abundant leukocytes, differences in other leukocytes should be driving the difference in total 
WBCs between evening and day shift workers over 7 days. This also may explain why there 
are differences in associations between SW and the immune cell percentages between short-
term and long-term SW. Neutrophils may respond more to the effects of chronic SW, 
whereas they may not be as responsive to more acute or short-term effects of SW. The cross-
sectional nature of this analysis precludes definitive characterization of this relationship, and 
these findings should thus be considered exploratory in nature. Another uncertainty is that 
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those in the short-term evening shift category may not necessarily be the same individuals 
classified as evening shift workers for long-term SW. However, it should be noted that there 
was a 76% agreement between long-term SW and 7-day SW classification for day, evening, 
and night shifts. When evening and night shifts were combined this agreement became 82%. 
In other words, 82% of police officers were categorized into the same shift type for the long-
term and 7-day SW. Additionally, the long-term SW measure is more of an average of shift 
type over a greater proportion of the career of the officer. Short-term SW is representative of 
the primary shifts worked immediately prior to data collection. Therefore, this could have 
led to differential findings between the short- and long-term analyses.
More research, potentially laboratory-based studies are needed to elucidate the relationship 
between SW and immune cell counts. Besides the potential disruption of the circadian 
system, there are other potential explanations for the observed findings. For example, shift 
workers tend to request more sick leave and suffer more injuries (Dall’Ora et al., 2016; 
Dembe et al., 2006; Merkus et al., 2012). Therefore, the increase in WBC counts may be due 
to increases in injuries and illness, as opposed to the SW itself. Although some information 
on illnesses and sick leave were available, it is difficult to completely control for these 
measures as officers may have still be working with injuries or illnesses. Nonetheless, 
exclusion of officers with prior sick leave did not affect the results of this analysis.
One major strength of this study was the use of electronic payroll records for classification 
of SW. This allowed for quantification of the actual amount of work hours on different shift 
types which led to more reliable SW categorization. A wide range of covariates were 
examined as potential confounders. This is one of the first studies to examine the impact of 
SW on immune cells. However, there were several noteworthy limitations. The population 
was comprised of mostly white males. Additionally, results among this unique police officer 
population may not apply to other shift working populations. Blood was only drawn at one 
time in the morning. Therefore, it is not possible to fully elucidate whether the shift workers 
had chronically elevated WBCs or a phase shift in their WBCs, especially given that WBCs 
typically peak late night or early morning (Mazzoccoli et al., 2011). In addition, the blood 
draw could have occurred anywhere between 2004 and 2009 and during any season. 
Although, adjustment for these factors changed the statistical significance for a couple of 
relationships, the change in effect size was negligible. Finally, a healthy worker effect may 
have interfered with an ability to detect immune system impacts (Meijers et al., 1989). 
Officers who struggled the most with evening shifts may have requested transfer to a 
different shift or left the occupation all together. These individuals may be more likely to 
suffer from circadian rhythm disruption, possibly including WBC counts.
SW is associated with a range of abnormal behavioral/lifestyle factors, disruption of 
numerous bodily systems, and increased risk for several chronic diseases (Matheson et al., 
2014; Nea et al., 2015; Smith & Eastman, 2012; Wang et al., 2011). One of the primary 
culprits hypothesized to be the cause of these associations is the disruption of circadian 
mechanisms observed among this group (Smith & Eastman, 2012). Recent evidence 
supports the notion that immune cells (e.g. WBCs) exhibit circadian rhythmicity related to 
their production and functions (Labrecque & Cermakian, 2015; Pritchett & Reddy, 2015). 
Therefore, it is reasonable to hypothesize that shift workers may have differences in their 
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immune cell counts compared to their day working counterparts. This research confirms that 
this hypothesis is in line with previous studies that have examined such a relationship (Lu et 
al., 2016; Puttonen et al., 2011). However, many avenues of circadian rhythm and SW 
research have yet to be fully explored. For example, it is not entirely clear whether these 
increases are due to overall increase in immune cells among shift workers, an abnormal 
circadian pattern of immune cells among shift workers, or increases in subclinical disease in 
shift workers. More research is needed to understand and confirm the relationship between 
WBCs and SW, as well as to determine if abnormal immune cell production is a mechanism 
that may be associated with the increased disease risk among shift working groups, such as 
police officers.
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